SUMMARY Percutaneous balloon dilatation of severe aortic valve stenosis was attempted in thirteen patients (seven neonates and six infants). In two the valve cQuld not be crossed and both died during subsequent operation. Two patients died during manipulation of the balloon catheter. No significant benefit was obtained in another patient who later died during operation. Balloon dilatation was successful in the remaining eight patients, reducing the aortic valve pressure gradient from a mean of 63mm Hg (95% confidence interval 38 to 88mm Hg) to a mean of 23mmHg (95% confidence interval 7 to 39mmHg). Two of these patients subsequently died from heart failure related to other cardiac lesions. The six survivors have done well. At follow up the maximum Doppler velocities in the ascending aorta ranged from 1-9 to 4-0 m/s after 2-23 months, but despite this evidence of an increasing valve gradient there has been lasting clinical improvement.
The development of balloon dilatation has altered the management of many stenotic lesions in paediatric cardiology and the technique is already widely used for relief of pulmonary valve stenosis and recoarctation of the aorta. In most other situations balloon dilatation remains experimental and will only supersede operative management The diameters of the inflated balloon catheters used were between 5 and 9 mm. In seven of the nine patients smaller balloon catheters were used initially but did not produce satisfactory results. Attempts to insert an 8 mm balloon in patient 7 caused laceration of the femoral artery and the procedure was abandoned. In patient 11 a 10 mm balloon catheter could not be introduced into the femoral artery. In both these patients the result achieved with smaller balloons was disappointing.
After balloon dilatation the peak to peak systolic pressure gradient was reduced in the seven patients who had considerable gradients initially (fig 3) and had increased in patient 4 Seven of the 13 patients in this series died-two during the procedure (as described above), three during subsequent operation, and two in the month after balloon dilatation. Both of the last patients still required artificial ventilation for intractable pulmonary oedema. Patient 3 had severe mitral valve stenosis and patient 6 had mitral valve stenosis and severely impaired left ventricular function that failed to improve despite effective balloon dilatation and ligation of a ductus arteriosus.
Two of the six survivors had occlusion of the femoral artery after balloon dilatation (one had had percutaneous puncture and the other a cut down on the femoral artery) and both underwent successful femoral artery embolectomy. There were no arterial complications in the other four patients, two of whom had percutaneous puncture while the other two underwent femoral artery cut down.
At follow up examination after 2- None the less, three patients were only included because they had significant residual aortic stenosis causing persisting heart failure after surgical valvotomy and three others because they were unsuitable for operation-one weighed only 1-5 kg (patient 6) and in two others the left ventricle was thought to be too small for long term survival (patients 1 and 4) . Three of the seven deaths occurred during subsequent operation and were not related to the balloon procedure. Two further deaths resulted from persisting heart failure related to other cardiac lesions. None of the five patients weighing < 3 kg survived long term. In comparison, only two of eight patients larger than 3 kg died, one of them during a subsequent surgical operation. Thus small size is an important risk factor, probably partly for technical reasons, but mainly because those with the most severe valve stenosis, the most important associated lesions, and the worst clinical condition will tend to present earliest.
Balloon dilatation of the aortic valve in these small patients is technically difficult. Introduction of the balloon catheter into the femoral artery risks damage to the vessel.7 Our results show that both cut down and percutaneous puncture may be complicated by arterial occlusion and neither approach has been shown to be better. In no case was arterial access not achieved, but in two patients the aortic valve could not be crossed and a surgical valvotomy was then the only option.
Death during balloon dilatation of the aortic valve in infancy has been reported before and was found at necropsy to be caused by laceration of the aortic wall. group.bmj.com on October 15, 2017 -Published by http://heart.bmj.com/ Downloaded from treatment of either of our patients who died during the procedure, and the aorta was intact in the case examined at necropsy.
Rupprath and Neuhaus reported success using coronary balloon catheters of up to 4 2 mm.5 9 In five of our nine patients initial results with balloons measuring 3 5-10 mm in diameter were inadequate and we would not recommend use of coronary balloon catheters except in very small babies. On the other hand, it is important that balloons with diameters larger than the aortic valve ring are not used. Intraoperative dilatation with oversize balloons in neonates produces a high incidence of fatal aortic valve damage. 10 Follow up assessment by Doppler echocardiography has suggested that the aortic valve gradients are increasing. This may reflect an increase in the severity of the valve stenosis, or the difference between catheter and Doppler measurement of valve stenosis, or (perhaps more likely) an improvement in cardiac output after reduction of the obstruction. All follow up examinations were outpatient procedures performed without sedation and instantaneous peak velocity was measured.
An improvement in the results of percutaneous balloon dilatation of aortic valve stenosis in this difficult group of patients can be expected with increasing practical experience, developments in balloon catheter design, and, perhaps, better patient selection. The procedure may provide an alternative to initial surgical management in some patients. Relief of aortic valve stenosis in patients weighing <3 kg, however, is likely to continue to have a significant mortality, whether performed surgically or by catheter. 
